








6.5.3 Precision and Accuracy Remeasurements

An attempt will be made to have the precision within-crew, the between-crew precision, and
the accuracy measurements performed on the same quadrats. The botanists will mark the location
of the first measurements so that the remeasurements are made as close as possible to the first
measurements. This will minimize the spatial variability associated with locating the quadrats.

All QA data resulting from the remeasurements will be evaluated as soon as possible so
that any problems encountered can be resolved early in the pilot study.

6.5.4 Data Verification and Validation

The vegetation data will be entered on PDRs in the field. The PDR program will allow a
certain amount of error checking to be performed when the data are entered. For example, the
program will be able to identify incorrect species codes entries, incorrect classification of shrubs,
forbs, and grasses, and incomplete entries for a given quadrat.

6.6 SPECTRAL PROPERTIES INDICATOR

Elements affecting the quality of the spectral data include within-crew precision, crew
accuracy, variability introduced by sun angle, shadowing, atmospheric haze and cloud cover, and
calibration of the instrument. Spectral measurements will not be taken if cloud cover exceeds 50
percent to minimize variability caused by cloud cover. Spectral readings will generally only be
taken between 10:00 am and 3:00 pm to minimize the variability from sun angle and shadowing.
Atmospheric clarity and amount of cloud and wind will be recorded in the comments section of the
header for each group of quadrats.

6.6.1 Precision

Precision of the instrument will be tested and documented before the study begins. This
procedure includes taking repeated measurements of both a woody plant and a green plant. If
there is a backup instrument available in the field, precision for the two instruments will be checked
before the study begins.

As there will only be one spectral technician, between-crew variability is not an issue for
the spectral indicator. Within-crew precision will be assessed by the spectral technician
remeasuring a group of 20 spectral quadrats immediately following the first measurement of that
same group of quadrats. The spectral technician will also remeasure the same group of 20
quadrats at the end of the same day. This procedure will provide an estimate of diurnal variation
between the measurements.

6.6.2 Accuracy

To assess accuracy, the reference expert spectral technician will remeasure a group of 20
spectral quadrats immediately following the spectral technician's measurement of the group. This
procedure will be performed during the first and last weeks of the study.
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6.6.3 Precision and Accuracy Remeasurements

An attempt will be made to have the within-crew and the accuracy check measurements
performed on the same quadrats. The spectral technicians will leave the flags after their first
measurements so that the remeasurements can be performed as close as possible to the location
of the first measurements. This procedure will minimize the spatial variability associated with
locating the quadrats.

All QA data resulting from the remeasurements will be evaluated as soon as possible so
that any problems encountered can be resolved early in the study.

6.6.4 Instrument Calibration

A stringent methodology for calibration of the spectrometer with reference to atmospheric
conditions, internal calibration, and a black-and-white reference standard will be applied to the
instrument prior to measurement of a group of quadrats. This rigorous calibration will be
performed every three basic units.

6.6.5 Data Verification and Validation

For each file of data created, spectra are automatically assigned a three-digit suffix.
Spectral measurements must be taken in a consistent and careful order to ensure that it is
possible to associate spectral measurements with exact location of collection. Each file of data will
consist of three basic units of spectral measurements. The file name will consist of site
identification and column and row number of starting basic unit.

The comments for each file will include whether the technician is working from north to
south or from south to north (the direction will alternate depending on what column the technician
is working in). The four 0.5-m by 0.5-m quadrats will be measured first from left to right
(determined as the individual faces east within the basic unit) and then the bare soil measurement
will be taken. This procedure allows individual spectral measurements to be associated with exact
location of collection.

6.7 SOILS PROPERTIES INDICATOR

Data quality for the soils properties indicator is a function of both the field work and the
analyses in the SCS Laboratory. The QA Program will address both of these components.

6.7.1 Precision for Field Measurements

Remeasurements will be performed to assess within-crew precision. Between-crew
precision is not an issue as there is only one soil scientist. The soil scientist will remeasure all
area characteristics (e.g., percent slope, length of slope) and soil characteristics (e.g., soil color,
rock fragments, soil structure, infiltration) for a specified number of the basic units. This procedure
will be performed three times during the study; i.e., once at each formation type.

52



6.7.2 Field Accuracy

Measurements by a reference expert will be performed to assess crew accuracy. A
reference soil scientist will perform all surface soil measurements for 12 of the basic units. The
reference soil scientist will also classify the soil at the nine soil pits. This procedure will be
performed at least once during the study.

6.7.3 Laboratory Accuracy and Precision and Quality Control

Quality assurance samples will be inserted into each batch ofsamples analyzed to assess
precision and accuracy. For the purposes of this study, a batch will consist of all soil samples from
one macroplot. The preparation laboratory at the SCS in Lincoln, Nebraska, will insert the QA
samples into the batches so that they are double-blind to the analyst, i.e., the analyst does not
know the location of the QA sample in the batch, nor its contents analytically.

Several types of QA samples will be used to assess laboratory accuracy and precision.
These include a pure sand sample taken to the field site to assess field contamination, split
samples at the preparation laboratory to assess homogenization efficiency, reference samples and
duplicate pairs at the analytical laboratory to assess accuracy and precision, respectively. A
separate quality control program is also being monitored at the analytical laboratory.
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SECTION 7

INFORMATION MANAGEMENT

Information management (IM) plays a critical role in EMAP, EMAP-Arid activities, and the
Colorado Plateau Plot Design Pilot Study. The activities and functions performed by IM are
integrally connected with the study objectives, statistical design, logistics, field and laboratory
measurements, quality assurance and quality control (QA/QC), data analysis, and product and
report generation. Properly designed and implemented, IM functions as a cohesive and consistent
thread which ties together each of these components of the research effort and provides the
infrastructure necessary for turning scientific concepts into defensible results and products.

The efforts of IM in this study will not be as extensive as those expected in later pilot or
demonstration studies or in full implementation. Other EMAP resource groups have had the
opportunity to work through some of the same IM functions that will be tested during EMAP-Arid
activities, and this group will attempt to use the lessons learned where they are applicable. These
techniques and approaches will need to be modified and adapted to meet the specific requirements
of the EMAP-Arid group but will be ofvalue as initial designs and system components.

The prime objective of the Colorado Plateau Plot Design Pilot Study is to gather extensive
data on relatively few sites (five) to be able to evaluate the results and determine the optimal plot
design and size for further implementation. This objective overrides any secondary objectives to
test and demonstrate IM concepts and prototype systems for full-scale implementation. However,
a fully functional IM system that performs critical requirements from data collection to data base
development and data analysis support will be implemented. To this affect, the IM system will
demonstrate the following key functions:

data collection effort using field forms, portable data recorders, and electronic field
portable instruments;

use ofglobal positioning system (GPS) and postprocessing of location information;

coordination and transfer of data between the field office and EPA laboratory (Arid
Information Center);

automation of data verification (i.e., QC/QA) checks;

relational data base and scientific documentation (metadata) development;

support to data analysis efforts through the creation of data extracts and data
transfers;

validation and confirmation of the Arid Information Management (AIM) System
requirements of each research component from design through analysis and reporting;

general requirements for interacting with collaborating agencies regarding data set
development and data transfer;
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field and information center hardware and software requirements; and

integration of the Geographic Information System (GIS) with traditional tabular and
statistical driven IM systems design and operation.

The focus of IM will be to design, implement, and perform these functions, and to generate
and make available data for evaluating the results of the pilot study. The objective of EMAP-Arid
Information Management will not include testing the distribution of the study data outside of
EMAP-Arid; however, preliminary discussions will be conducted to coordinate with the EMAP-wide
information management efforts.

7.1 OPERATIONAL ASSUMPTIONS

The following assumptions are the basis for the modes of operation described in the field
procedures:

1. Portable Data Recorders (PDRs) will be the primary method of recording
vegetation and spectral data and paper forms will be used for ail other plot and
measurement data (i.e., soils). Paper forms will be designed as a backup
mechanism for PDRs.

2. Transfer of information from the field to the central office can be on a weekly
basis rather than daily basis.

3. Changes to field sampling procedures will be kept to a minimum after the
beginning of the field season.

4. The data collected will not be considered suitable for distribution as EMAP
assessment data. They will be used to evaluate indicators and to establish the
optimum plot design for each indicator.

7.2 OVERVIEW OF INFORMATION MANAGEMENT FUNCTIONS

The functions carried out by IM in this study fall into four categories: prefield, field, data
base development, and data verification, validation, and distribution.

The prefield IM functions relate to the design, preparation, and acquisition of IM tools
required for data collection. The field functions include the use of equipment relevant to IM,
procedures and methods for tracking the collected information, backup of information collected,
and transfer of information from the field to the Information Center. Information Center data base
development includes the tracking of information received, organization and archival of data sets,
and transfer of information to the data base. The verification, validation, and distribution of data
transform raw data into defensible data products and support the extraction and distribution of
those products.
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7.2.1 Prefield Functions

The functions in this category are developed before the field activities begin. The following
functional descriptions generally address these IM activities.

The development of paper forms for data collection and instructions for completing those
forms is a combined effort of the Information Manager, Logistics Aide, indicator leads, and
statisticians. Forms must be designed to capture all information efficiently in the field and set up to
allow for efficient data entry. All forms are placed in individual macroplot packets with the
assigned macroplot and sample numbers.

Software programming for both PDR and data entry systems involves the definition of
requirements, development and testing of prototype systems, development of protocols for running
and using the programs, tracking versions of a program, and documentation (mostly internal,
minimal external) of programs.

Hardware set-up activities primarily include developing protocols for the testing of the
GPSs, spectrometers, personal computers (PCs), and PDRs; the charging or replacement of
batteries; reloading software; and replacement of PDR memory cards.

Identification and coding schemes must be developed to allow for the tracking of soils data
forms and soil samples.

7.2.2 Field Functions

The IM functions in this category are carried out directly in the field at the base site after
field activities by the field crews or the field coordinator. These include use of equipment, methods
for tracking collected information, backup of information taken, and transfer of information from the
field to the Information Center. The following description addresses the types of functions in this
category for which procedures or documentation will be developed.

Protocols must be developed for proper use of the electronic equipment. These include
testing or calibration of equipment before use (GPS, spectrometer, and PDR); collection of
measurements with the GPS, spectrometer, and PDR; downloading of measurements from the
GPS, spectrometer, and PDR; and uploading new programs from the PC to the PDR.

Tracking information collected in the field is accomplished in part by providing forms and
predetermined site and sample numbers. Instructions for recording vegetation composition, struc
ture, and abundance data, with the PDR will be developed. These procedures will cover basic
data collection, saving the data and transferring the data from PDR to PC. Similar procedures for
collecting spectral properties data with the PS-II will be developed along with procedures for
naming data files and transferring the data from the PS-II to the PC.

Tracking of soil samples is provided by means of a preprinted soil sample shipping form
included in each site packet with the basic site number and sample identification included. The
shipping form is used to track the number of samples sent in a given shipment.
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A backup of the information collected in the field is accomplished by providing protocols for
downloading data from the PDR, spectrometer, and GPS to the PC; downloading data from the PC
to disk; backup of disks; backup of forms; and printout verification of data collected on the PDR.

Protocols for transferring information from the field to the Information Manager include:
online modem transfer, mailing of disks and forms, and mailing sample tracking information to the
Information Manager and to the analysis laboratory with the samples.

7.2.3 Information Center - Data Base Development

Functions in this category are carried out by the IM staff after information is received from
the field. Materials, forms, and disks are logged as received. Data received on forms are
computerized and data received on disks are uploaded to the main system with checks on the files
and their sizes. Data in the main system will be reviewed with computerized checks for
completeness and consistency.

Information, forms, and original, edited, and combined files will be catalogued and archived.
The GPS information will be combined with site information in the data files. Relationships
between files in a GIS context will be developed by incorporating and integrating combined files
into a GIS data base covering the entire study area.

Transfer of information to the EMAP data base involves the development of record
structure, a data dictionary, a data set catalogue, and a data base scheme with defined
relationships. Protocols will be developed for the addition and correction and retrieval of data in
the data base.

7.2.4 Information Center - Data Verification, Validation, and Distribution

Following the field activities of the pilot, the main task of information management is to
provide support for the data verification, validation, and distribution ofdatasets.

Each data set will be processed for quality assessment to verify that the contents
accurately represent measurements taken in the field, all measurements are within scientifically
acceptable ranges, and coded values are valid and to calculate the measurement quality attributes
as defined by the QA plan. The result of this process is a verified data set.

Once the data sets are verified, then the data can be used in analysis for its designed and
intended purpose. This process of using the data further analyzes and evaluates the data set, and
validates its appropriateness for scientific use. The result of this process is a validated data set

These verified and validated data sets will be managed at the Arid Information Center as
an integrated data base. All data sets will be linked and documented to facilitate management,
access, and distribution. The access and distribution of the data from these data bases will initially
be restricted to team members of the Arid resource group. A record will be kept that tracks the
distribution of this data within the group.
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